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REDUCED-DENSITY PROPPANTS AND METHODS OF USING 
REDUCED-DENSITY PROPPANTS TO ENHANCE THEIR TRANSPORT 
IN WELL BORES AND FRACTURES 

1. Field of the Invention. 

[001] The present invention involves improved particulates and methods for enhancing 
the transport of such particulates into well bores and fractures, and for enhancing the 
conductivity and permeability of subterranean formations using such p^iculates, and for sand 
control treatments using such particulates. 

2. Description of the Prior Art. 

\ [002] Particulate materials are often introduced into subterranean zones in conjunction 

with conductivity enhancing operations and sand control operations. Conductivity enhancing 
and sand control operations may be performed as individual treatments, or may be combined 
where desired. 

[003] A subterranean formation may be treated to increase its conductivity by 
hydraulically fracturing the formation to create one or more cracks or "fractures." Such 
hydraulic fracturing is usually accomplished by injecting a viscous fracturing fluid into the 
subterranean formation at a rate and pressure sufficient to cause the formation to break down and 
produce one or more fractures. The fracture or fractures may be horizontal or vertical, with the 
latter usually predominating, and with the tendency toward vertical fractures increasing with the 
depth of the formation being fractured. The fracturing fluid is generally a highly viscous gel, 
emulsion, or foam that comprises a particulate material often referred to as proppant. In some 
fracturing operations, commonly known as "water fracturing" operations, the fracturing fluid 
viscosity is somewhat lowered and yet the proppant remains in suspension because the fracturing 
fluid is injected into the formation at a substantially higher velocity. Whether a highly viscous 
fluid is used or a less viscous fluid with a higher velocity, proppant is deposited in the fracture 
and functions, inter alia, to hold the fracture open while maintaining conductive channels 
through which produced fluids can flow upon completion of the. fracturing treatment and release 
of the attendant hydraulic pressure. 
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[004] Sand control treatments are used, inter alia, to reduce the migration of 
unconsolidated formation particulates into the well bore. One such sand control treatment 
involves the use of a "gravel pack." While screen-less gravel packing operations are well known 
in the art, one common gravel packing operation involves placing a gravel pack screen in the 
well bore and packing the surrounding annulus between the screen and the well bore with 
particulates referred to as "gravel" that have a specific size designed to prevent the passage of 
formation sand. The gravel pack screen is generally a filter assembly used to support and retain 
the gravel placed during the gravel pack operation. A wide range of sizes and screen 
configurations are available to suit the characteristics of the well bore, the production fluid, and 
the unconsolidated particulates in the subterranean formation. Similarly, a wide range of sizes of 
particulate material suitable for use as the "gravel" is available to suit the characteristics of the 
well bore, the production fluid, and the xmconsolidated particulates in the subterranean 
formation. The resulting structure presents a barrier to migrating sand from the formation while 
still permitting fluid flow. When installing the gravel pack, the gravel is carried to the formation 
in the form of a slurry by mixing the gravel with a highly viscouse transport fluid. Once the 
gravel is placed in the well bore, the viscosity of the transport fluid is reduced and it is returned 
to the surface. Just as mentioned above with respect to fracturing operations, some gravel 
packing operations, commonly known as "high-rate water packing" operations, the transport 
fluid viscosity is somewhat lowered and yet the gravel remains in suspension because the 
treatment occurs at a substantially higher velocity. Gravel packs act, inter alia, to stabilize the 
formation while causing minimal impairment to well productivity. The gravel, inter alia, acts to 
prevent the particulates from occluding the screen or migrating with the produced fluids, and the 
screen, inter alia, acts to prevent the gravel from entering the production tubing. 

[005] Servicing fluids, be they fracturing fluids, gravel transport fluids, or some other 
fluid suitable for use in a subterranean formation, are commonly viscous, sometimes highly 
viscous. Often, a high viscosity servicing fluid is used so that it may carry suspended 
particulates into the formation. To achieve a viscosity high enough to suspend particulates, high 
concentrations of viscosifiers may be added to the servicing fluids. Such viscosifiers greafly 
increase the cost of the subterranean operations. Moreover, as such a fluid is used in a 
subterranean operation, a portion of the liquid contained in the fluid leaks off into the formation 
and creates an filter cake comprising deposited viscosifier on the walls of the fracture and/or the 
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formation. While the filter cake may aid in preventing servicing fluids from being lost in the 
formation and in preventing solids from entering the porosities of the producing formation, the 
filter cake is generally undesirable when the subterranean formation is returned to production 
because the filter cake must be removed. More over, residue of viscosifiers used in subterranean 
applications often remains on the particulates transported in the viscosified fluid. Where such 
particulates are proppant particles used in a fracturing operation, such residue often reduces the 
conductivity of proppant packed fracture. 



SUMMARY OF THE INVENTION 

[006] The present invention involves improved particulates and methods for enhancing 
the transport of such particulates into well bores and fractures, and for enhancing the 
conductivity and permeability of subterranean formations using such particulates, and for sand 
control treatments using such particulates. 

[007] One embodiment of the present invention provides a reduced-density, coated 
particulate comprising a particulate having a surface and a coating wherein the surface comprises 
a porous or partially hollow geometry and coating is capable of trapping a fluid between the 
particulate's surface and the coating. 

[008] Another embodiment of the present invention provides a method of treating a 
subterranean formation comprising the steps of providing a servicing fluid comprising a reduced- 
density particulate having a surface and a coating wherein the surface comprises a porous or 
partially hollow geometry and coating is capable of trapping a fluid between the particulate's 
surface and the coating; and, placing the servicing fluid into the subterranean formation. 

. [009] Other and further objects, features and advantages of the present invention will be 
readily apparent to those skilled in the art upon a reading of the description of preferred 
embodiments which follows. 
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DESCRIPTION OF PREFERRED EMBODIMENTS 

[010] The present invention relates to improved particulates and methods for enhancing 
the transport of such particulates into well bores and fractures, and for enhancing the 
conductivity and permeability of subterranean formations using such particulates, and for sand 
control treatments using such particulates. 

[Oil] In preferred embodiments, the particulates of the present invention exhibit a 
surface geometry such that when the particulate is coated there exists at least one recessed or 
depressed area where a fluid, such as air, may be trapped between the coating and the particle 
surface. Such a particulate surface geometry is referred to herein as "porous or partially hollow." 
In the compositions and methods of the present invention, at least a portion of the surface area of 
a particulate is coated with a film of coating material that traps a fluid such as air between the 
surface of the particulate and the coating, thereby reducing the particulate's density. The coating 
need not cover 100% of the surface area of the particulate. Rather, it need only cover a portion 
of the particle necessary to trap at least one pocket of fluid such as air on the particle. In a 
preferred embodiment, enough air is trapped to beneficially effect the density of the particulate. 

[012] Any particulate having the potential surface geometry described above and 
suitable for use in subterranean applications is suitable for use as the proppant in the 
compositions and methods of the present invention. For instance, natural sand, quartz sand, 
particulate gamet, glass, ground wahiut hulls, nylon pellets, bauxite, ceramics, polymeric 
materials, carbon composites, natural or synthetic polymers, porous silica, alumina spheroids, 
and resin beads are suitable. Suitable sizes range fi-om 4 to 100 U.S. mesh, in certain preferred 
embodiments the sizes range from 10 to 60 US mesh. The proppant particles may be in any 
form, including that of regular or irregular pellets, fibers, flakes, ribbons, beads, shavings, 
platelets and the like. 

[013] The coating material may be a resin-type coating, a tackifying coating, or a 
degradable coating. When used to coat a particle, the coating material should have a sufficient 
viscosity such that the coating traps fluid such as air on the surface of the particulate rather than 
filling that area with the coating material In preferred embodiments, this fluid should be in a 
recessed or depressed area of the particulate. 

[014] Where a resin-type coating material is used, it may be a curable resin. Resin-type 
coating materials may act not only to lower the density of the particulate, but also to aid in the 
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consolidation of the resin-coated particulates. Such consolidation may he desirable to reduce 
proppant flow-back where the particulate is a proppant particle used in a fracturing operation. 
Suitable such resin-type coating materials include, but are not limited to, two-component epoxy- 
based resins, furan-based resins, phenolic-based resins, and a high-temperature (HT) epoxy- 
based resins. 

[015] Selection of a suitable resin-type coating material may be affected by the 
temperature of the subterranean formation to which the fluid will be introduced. By way of 
example, for subterranean formations having a bottom hole static temperature ("BHST") ranging 
from about 60°F to about 250°F, two-component epoxy-based resins comprising a hardenable 
resin component and a hardening agent component comprising specific hardening agents may be 
preferred. For subterranean formations having a BHST ranging from about 300°F to about 
600°F, a furan-based resin may be preferred. For subterranean foraiations having a BHST 
ranging from about 200°F to about 400°F, either a phenolic-based resin or a one-component HT 
epoxy-based resin may be suitable. 

[016] One resin-type coating material suitable for use in the proppant compositions of 
the present invention is a two-component epoxy based resin comprising a hardenable resin 
component and a hardening agent component. The hardenable resin component is comprised of 
a hardenable resin and an optional solvent. The solvent may be added to the resin to reduce its 
viscosity for ease of handling, mixing and transferring. It is within the ability of one skilled in 
the art with the benefit of this disclosure to determine if and how much solvent may be needed to 
achieve a viscosity suitable to the subterranean conditions. Factors that may affect this decision 
include geographic location of the well and the surrounding weather conditions. An alternate 
way to reduce the viscosity of the liquid hardenable resin is to heat it. This method avoids the 
use of a solvent altogether, which may be desirable in certain circumstances. The second 
component is the liquid hardening agent component, which is comprised of a hardening agent, a 
silane coupling agent, a surfactant, an optional hydrolyzable ester for, inter alia, breaking gelled 
fracturing fluid films on the proppant particles, and an optional liquid carrier fluid for, inter alia, 
reducing the viscosity of the liquid hardening agent component. It is within the ability of one 
skilled in the art with the benefit of this disclosure to determine if and how much liquid carrier 
fluid is needed to achieve a viscosity suitable to the subterranean conditions. 
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[017] Examples of hardenable resins that can be utilized in the liquid hardenable resin 
component include, but are not limited to, organic resins such as bisphenol A-epichlorohydrin 
resin, polyepoxide resin, novolak resin, polyester resin, phenol- aldehyde resin, urea-aldehyde 
resin, furan resin, urethane resin, glycidyl ethers and mixtures thereof. Of these, bisphenol A- 
epichlorohydrin resin is preferred. The resin utilized is included in the liquid hardenable resin 
component in an amount sufficient to consohdate the coated particulates. In some embodiments 
of the present invention, the resin utilized is included in the liquid hardenable resin component in 
the range of from about 70% to about 100% by weight of the liquid hardenable resin component. 

[018] Any solvent that is compatible with the hardenable resin and achieves the desired 
viscosity effect is suitable for use in the present invention. Preferred solvents are those having 
high flash points (most preferably about 125*^F) because of, inter alia^ environmental factors. As 
described above, use of a solvent in the hardenable resin composition is optional but may be 
desirable to reduce the viscosity of the hardenable resin component for a variety of reasons 
including ease of handling, mixing, and transferring. It is within the ability of one skilled in the 
art with the benefit of this disclosure to determine if and how much solvent is needed to achieve 
a suitable viscosity. Solvents suitable for use in the present invention include, but are not limited 
to, butylglycidyl ether, dipropylene glycol methyl ether, dipropylene glycol dimethyl ether, 
dimethyl formamide, diethyleneglycol methyl ether, ethyleneglycol butyl ether, diethyleneglycol 
butyl ether, propylene carbonate, methanol, butyl alcohol, d'limonene and fatty acid methyl 
esters. Of these, butylglucidyl ether is preferred. 

[019] Examples of the hardening agents that can be utilized in the liquid hardening 
agent component of the two-component consolidation fluids of the present invention include, but 
are not limited to, amines, aromatic amines, polyamines, aliphatic amines, cyclo-aliphatic 
amines, amides, polyamides, 2-ethyl-4-methyl imidazole and 1,1,3-trichlorotrifluoroacetone. 
Selection of a preferred hardening agent depends, in part, on the temperature of the formation in 
which the hardening agent will be used. By way of example and not of limitation, in 
subterranean formations having a temperature from about 60°F to about 250°F, amines and 
cyclo-aliphatic amines such as piperidine, triethylamine, N,N-dimethylaminopyridine, 
benzyldimethylamine, tris(dimethylaminomethyl) phenol, and 2-(N2N- 
dimethylaminomethyl)phenol are preferred with N,N-dimethylaminopyridine most preferred. In 
subteiranean formations having higher temperatures, 4,4*-diaminodiphenyl sulfone may be a 
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suitable hardening agent. The hardening agent utilized is included in the liquid hardening agent 
component in an amount sufficient to consolidate the coated particulates. In some embodiments 
of the present invention, the hardening agent used is included in the liquid hardenable resin 
component in the range of from about 40% to about 60% by weight of the liquid hardening agent 
component. 

[020] The silane coupling agent may be used, inter alia, to act as a mediator to help 
bond the resin to the sand surface. Examples of silane coupling agents that can be utiHzed in the 
liquid hardening agent component of the two-component consolidation fluids of the present 
invention include, but are not limited to, N-2-(aminoethyl)-3-aminopropyltrimethoxysilane, 3- 
glycidoxypropyltrimethoxysilane, and n-beta- (aminoethyl)-gamma-aminopropyl 
trimethoxysilane. Of these, n-beta-(aminoethyl)-gamma-aminopropyl trimethoxysilane is 
preferred. The silane coupUng agent used is included in the liquid hardening agent component in 
an amoxmt capable of sufficiently bonding the resin to the particulate. In some embodiments of 
the present invention, the silane coupling agent used is included in the liquid hardenable resin 
component in the range of from about 0.1% to about 3% by weight of the liquid hardening agent 
component. 

[021] Any surfactant compatible with the liquid hardening agent may be used in the 
present invention. Such surfactants include, but are not limited to, an ethoxylated nonyl phenol 
phosphate ester, mixtures of one or more cationic surfactants, and one or more non-ionic 
surfactants and an alkyl phosphonate surfactant. The mixtures of one or more cationic and 
nonionic surfactants are described in U.S. Patent No. 6,311,773, issued to Todd et al on 
November 6, 2001, which is incorporated herein by reference. A C12 - C22 alkyl phosphonate 
surfactant is preferred. The surfactant or surfactants utilized are included in the liquid hardening 
agent component in an amount in the range of from about 2% to about 15% by weight of the 
liquid hardening agent component. 

[022] Use of a diluent or liquid carrier fluid in the hardenable resin composition is 
optional and may be used to reduce the viscosity of the hardenable resin component for ease of 
handling, mixing and transferring. It is within the ability of one skilled in the art, with the 
benefit of this disclosure, to determine if and how much Hquid carrier fluid is needed to achieve a 
viscosity suitable to the subterranean conditions. Any suitable carrier fluid that is compatible 
with the hardenable resin and achieves the desired viscosity effects is suitable for use in the 
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present invention. The liquid carrier fluids that can be utilized in the liquid hardening agent 
component of the two-component consolidation fluids of the present invention preferably include 
those having high flash points (most preferably above about 125°F). Examples of liquid carrier 
fluids suitable for use in the present invention include, but are not limited to, dipropylene glycol 
methyl ether, dipropylene glycol dimethyl ether, dimethyl formamide, diethyleneglycol methyl 
ether, ethyleneglycol butyl ether, diethyleneglycol butyl ether, propylene carbonate, d'limonene 
and fatty acid methyl esters. Of these, dipropylene glycol methyl ether is preferred. 

[023] Where the resin-type coating material of the present invention is a furan-based 
resin, suitable furan-based resins include, but are not limited to, furfuryl alcohol, a mixture 
furfuryl alcohol with an aldehyde, and a mixture of furan resin and phenolic resin. Of these, 
furfuryl alcohol is preferred. 

[024] The furan-based resin may be combined with a solvent to control viscosity if 
desired. Suitable solvents for use in the furan-based consolidation fluids of the present invention 
include, but are not limited to 2-butoxy ethanol, butyl acetate, and furfuryl acetate. Of these, 2- 
butoxy ethanol is preferred. 

[025] Where the resin-type coating material of the present invention is a phenolic-based 
resin, suitable phenoUc-based resins include, but are not limited to, terpolymers of phenol, 
phenohc formaldehyde resins, and a mixture of phenolic and fiiran resins. Of these, a mixture of 
phenolic and furan resins is preferred. 

[026] The phenolic-based resin may be combined with a solvent to control viscosity if 
desired. Suitable solvents for use in the phenolic-based consolidation fluids of the present 
invention include, but are not limited to butyl acetate, butyl lactate, furfuryl acetate, and 2- 
butoxy ethanol. Of these, 2-butoxy ethanol is preferred. 

[027] Where the resin-type coating material of the present invention is a HT epoxy- 
based resin, suitable HT epoxy-based components included, but are not limited to, bisphenol A- 
epichlorohydrin resin, polyepoxide resin, novolac resin, polyester resin, glycidyl ethers and 
mixtures thereof. Of these, bisphenol A-epichlorohydrin resin is preferred. 

[028] The HT epoxy-based resin may be combined with a solvent to control viscosity if 
desired. Suitable solvents for use with the HT epoxy-based resins of the present invention are 
those solvents capable of substantially dissolving the HT epoxy-resin chosen for use in the 
consolidation fluid. Such solvents include, but are not limited to, dimethyl sulfoxide and 
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dimethyl formamide. A co-solvent such as dipropylene glycol methyl ether, dipropylene glycol 
dimethyl ether, dimethyl formamide, diethylene glycol methyl ether, ethylene glycol butyl ether, 
diethylene glycol butyl ether, propylene carbonate, d'limonene and fatty acid methyl esters, may 
also be used in combination with the solvent. 

[029] A tackifying coating may be used in the methods and compositions of the present 
invention. Tackifying coating materials act to lower the density of the particulate and may be 
coated onto the particulate far in advance of when it will be used without triggering a time- 
dependent degradation. That is, a particulate coated with a tackifying coating of the present 
invention may be stored for a substantial period of time before use without concern that the 
tackifying substance will cure and harden. Compounds suitable for use as a tackifying 
compound in the present invention comprise substantially any compound which, when in hquid 
form or in a solvent solution, will form a non-hardening coating upon a particulate. A 
particularly preferred group of tackifying compounds comprise polyamides, which are Uquids or 
in solution at the temperature of the subterranean formation such that the polyamides are, by 
themselves, non-hardening when present on the particulates introduced into the subterranean 
formation. A particularly preferred product is a condensation reaction product comprised of 
commercially available polyacids and a polyamine. Such connmiercial products include 
compounds such as mixtures of C36 dibasic acids containing some trimer and higher oUgomers 
and also small amounts of monomer acids that are reacted with polyamines. Other polyacids 
include trimer acids, synthetic acids produced from fatty acids, maleic anhydride and acrylic acid 
and the like. Such acid compounds are commercially available from companies such as Witco 
Corporation, Union Camp, Chemtall, and Emery hidustries. The reaction products are available 
from, for example, Champion Technologies, Lie. and Witco Corporation. Additional compounds 
which may be utilized as tackifying compounds include liquids and solutions of, for example, 
polyesters, polycarbonates and polycarbamates, natural resins such as shellac and the like. 
Suitable tackifying. compounds are described in U.S. Patent Number 5,853,048 issued to Weaver, 
et al and U.S. Patent Number 5,833,000 issued to Weaver, et al, the relevant disclosures of 
which are herein incorporated by reference. 

[030] Still another alternative type of coating suitable for use in the present invention is 
a degradable coating material. Degradable coating materials not only act to lower the density of 
the particulate, but the products of the degradation may be useful in the subterranean formation 
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beyond their use in lowering the particulate's density. For example, when the products of the 
degradation are acids, they may be used to break the servicing fluid transporting the coated 
particulate or to degrade a filter cake neighboring the particulate. Any material that is capable of 
trapping a fluid such as air inside the vacant spaces of the proppant particle and then degrading 
over time may be suitable, so long as the material or the products of the degradation do not 
undesirably interfere with either the conductivity of a resultant particulate matrix or the 
production of any of the fluids from the subterranean formation. 

[031] Nonlimiting examples of degradable materials that may be used in conjunction 
with the present invention include but are not limited to degradable polymers. Such degradable 
materials are capable of undergoing an irreversible degradation downhole. The term 
"irreversible" as used herein means that the degradable material, once degraded downhole, 
should not recrystallize or reconsolidate while dovrahole, ^.g., the degradable material should 
degrade in situ but should not recrystallize or reconsolidate in situ. The terms "degradation" or 
"degradable" refer to both the two relatively extreme cases of hydrolytic degradation that the 
degradable material may undergo, i.e., heterogeneous (or bulk erosion) and homogeneous (or 
surface erosion), and any stage of degradation in between these two. This degradation can be a 
result of, inter alia, a chemical or thermal reaction or a reaction induced by radiation. 

[032] The degradability of a polymer depends at least in part on its backbone structure. 
For instance, the presence of hydrolyzable and/or oxidizable linkages in the backbone often 
yields a material that will degrade as described herein. The rates at which such polymers 
degrade are dependent on the type of repetitive unit, composition, sequence, length, molecular 
geometry, molecular weight, morphology {e.g., crystallinity, size of spherulites, and orientation), 
hydrophihcity, hydrophobicity, surface area, and additives. Also, the enviroimient to which the 
polymer is subjected may affect how it degrades, e.g., temperature, presence of moisture, 
oxygen, microorganisms, enzymes, pH, and the like. 

[033] Suitable examples of degradable polymers that may be used in accordance with 
the present invention include but are not limited to those described in the publication of 
Advances in Polymer Science, Vol. 157 entitled "Degradable Aliphatic Polyesters" edited by A.- 
C. Albertsson. Specific examples include homopolymers, random, block, graft, and star- and 
hyper-branched aliphatic polyesters. Polycondensation reactions, ring-opening polymerizations, 
free radical polymerizations, anionic polymerizations, carbocationic polymerizations, 
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coordinative ring-opening polymerization, and any other suitable process may prepare such 
suitable polymers. Specific examples of suitable polymers include polysaccharides such as 
dextran or cellulose; chitins; chitosans; proteins; aliphatic polyesters; poly(lactides); 
poly(glycolides); poly(8-caprolactones); poly(hydroxybutyrates); poly(aiihydrides); aliphatic 
polycarbonates; poly(orthoesters); poly(amino acids); poly(ethylene oxides); and 
polyphosphazenes. Of these suitable polymers, aliphatic polyesters and polyanhydrides are 
preferred. 

[034] Aliphatic polyesters degrade chemically, inter alia, by hydrolytic cleavage. 
Hydrolysis can be catalyzed by either acids or bases. Generally, during the hydrolysis, 
carboxylic end groups are formed during chain scission, and this may enhance the rate of further 
hydrolysis. This mechanism is known in the art as "autocatalysis," and is thought to make 
polyester matrices more bulk eroding. 

[035] Suitable aliphatic polyesters have the general formula of repeating units shown 

below: 



R 




Formula I O 

where n is an integer between 75 and 10,000 and R is selected from the group consisting of 
hydrogen, alkyl, aryl, alkylaryl, acetyl, heteroatoms, and mixtures thereof. Of the suitable 
aliphatic polyesters, poly(lactide) is preferred. Poly(lactide) is synthesized either from lactic acid 
by a condensation reaction or more commonly by ring-opening polymerization of cyclic lactide 
monomer. Since both lactic acid and lactide can achieve the same repeating unit, the general 
term poly(lactic acid) as used herein refers to formula I without any limitation as to how the 
polymer was made such as from lactides, lactic acid, or oligomers, and without reference to the 
degree of polymerization or level of plasticization. 

[036] The lactide monomer exists generally in three different forms: two stereoisomers 
L- and D-lactide and racemic D,L-lactide (meso-lactide). The oligomers of lactic acid, and 
ohgomers of lactide are defined by the formula: 
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Formula II 
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where m is an integer 2<m<75. Preferably m is an integer and 2<m<10. These limits correspond 
to number average molecular weights below about 5,400 and below about 720, respectively. The 
chirality of the lactide units provides a means to adjust, inter alia^ degradation rates, as well as 
physical and mechanical properties. Poly(L-lactide), for instance, is a semicrystalline polymer 
with a relatively slow hydrolysis rate. This could be desirable in applications of the present 
invention where a slower degradation of the degradable particulate is desired. Poly(D,L-lactide) 
may be a more amorphous polymer with a resultant faster hydrolysis rate. This may be suitable 
for other applications where a more rapid degradation may be appropriate. The stereoisomers of 
lactic acid may be used individually or combinedi to be used in accordance with the present 
invention. Additionally, they may be copolymerized with, for example, glycolide or other 
monomers like e-caprolactone, l,5-dioxepan-2-one, trimethylene carbonate, or other suitable 
monomers to obtain polymers with different properties or degradation times. Additionally, the 
lactic acid stereoisomers can be modified to be used in the present invention by, inter alia^ 
blending, copolymerizing or otherwise mixing the stereoisomers, blending, copolymerizing or 
otherwise mixing high and low molecular weight polylactides, or by blending, copolymerizing or 
otherwise mixing a polylactide with another polyester or polyesters. 

[037] Plasticizers may be present in the polymeric degradable materials of the present 
invention. The plasticizers may be present in an amount sufficient to provide the desired 
characteristics, for example, (a) more effective compatibilization of the melt blend components, 
(b) improved processing characteristics during the blending and processing steps, and (c) control 
and regulation of the sensitivity and degradation of the polymer by moisture. Suitable 
plasticizers include but are not limited to derivatives of oUgomeric lactic acid, selected from the 
group defined by the formula: 
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Formula III O ^ 

where R is a hydrogen, alkyl, aryl, alkylaryl, acetyl, heteroatom, or a mixture thereof and R is 
saturated, where R' is a hydrogen, alkyl, aryl, alkylaryl, acetyl, heteroatom, or a mixture thereof 
and R* is saturated, where R and R' caimot both be hydrogen, where q is an integer and 2<q<75; 
and mixtures thereof Preferably q is an integer and 2<q<10. As used herein the term "derivatives 
of oligomeric lactic acid-' includes derivatives of oligomeric lactide. In addition to the other 
quaUties above, the plasticizers may enhance the degradation rate of the degradable polymeric 
materials. The plasticizers, if used, are preferably at least intimately incorporated within the 
degradable polymeric materials. 

[038] Aliphatic polyesters useful in the present invention may be prepared by 
substantially any of the conventionally known manufacturing methods such as those described in 
U.S. Patent Nos. 6,323,307; 5,216,050; 4,387,769; 3,912,692; and 2,703,316, the relevant 
disclosures of which are incorporated herein by reference. 

[039] Polyanhydrides are another type of particularly suitable degradable polymer 
useful in the present invention. Polyanhydride hydrolysis proceeds, inter alia, via free 
carboxylic acid chain-ends to yield carboxylic acids as final degradation products. The erosion 
time can be varied over a broad range of changes in the polymer backbone. Examples of suitable 
polyanhydrides include poly(adipic anhydride), poly(suberic anhydride), poly(sebacic 
anhydride), and poly(dodecanedioic anhydride). Other suitable examples include but are not 
limited to poly(maleic anhydride) and poly(benzoic anhydride). 

[040] The physical properties of degradable polymers depend on several factors such as 
the composition of the repeat units, flexibility of the chain, presence of polar groups, molecular 
mass, degree of branching, crystallinity, orientation, etc. For example, short chain branches 
reduce the degree of crystallinity of polymers while long chain branches lower the melt viscosity 
and impart, inter alia, elongational viscosity with tension-stiffening behavior. The properties of 
the material utilized can be further tailored by blending, and copolymerizing it with another 
polymer, or by a change in the macromolecular architecture (e.g., hyper-branched polymers, star- 
shaped, or dendrimers, etc.). The properties of any such suitable degradable polymers (eg,. 
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hydrophobicity, hydrophilicity, rate of degradation, etc.) can be tailored by introducing select 
functional groups along the polymer chains. For example, poly(phenyllactide) will degrade at 
about l/5th of the rate of racemic poly(lactide) at a pH of 7.4 at 55X. One of ordinary skill in 
the art with the benefit of this disclosure will be able to determine the appropriate degradable 
polymer to achieve the desired physical properties of the degradable polymers. 

[041] Blends of certain degradable materials may also be suitable. One example of a 
suitable blend of materials is a mixture of poly(lactic acid) and poly(glycolides). Other materials 
that undergo an irreversible degradation may also be suitable, if the products of the degradation 
do not undesirably interfere with either the conductivity of the particulate matrix or with the 
production of any of the fluids from the subterranean formation. 

[042] In choosing the appropriate degradable material, one should consider the 
degradation products that will result. These degradation products should not adversely affect 
other operations or components. The choice of degradable material also can depend, at least in 
part, on the conditions of the well, e.g., wellbore temperature. For instance, lactides have been 
found to be suitable for lower temperature wells, including those within the range of 60°F to 
150°F, and polylactides have been found to be suitable for well bore temperatures above this 
range. Also, poly(lactic acid) may be suitable for higher temperature wells. Some stereoisomers 
of poly(lactide) or mixtures of such stereoisomers may be suitable for even higher temperature 
applications. Dehydrated salts may also be suitable for higher temperature wells. 

[043] Also, we have found that a preferable result may be achieved if the degradable 
material degrades slowly over time as opposed to instantaneously. Even more preferable results 
have been obtained when the degradable material does not begin to degrade until after the 
particulate matrix has substantially developed. The slow degradation of the degradable material, 
inter alia, helps to maintain the stability of the proppant matrix. 

[044] Any fracturing or delivery fluid suitable for subterranean appHcations may be 
utilized in accordance with the present invention, including aqueous gels, emulsions, and other 
suitable fluids. The aqueous gels are generally comprised of water and one or more gelling 
agents. The emulsions are generally comprised of two immiscible liquids such as an aqueous 
gelled liquid and a liquefied, normally gaseous, fluid such as nitrogen. The fracturing or delivery 
fluid needs only to be viscous enough to substantially suspend the reduced-density particulate of 
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the present invention. In most embodiments, highly viscous fluids, ahhough suitable, are not 
necessary. 

[045] Therefore, the present invention is well adapted to carry out the objects and attain 
the ends and advantages mentioned as well as those that are inherent therein. While numerous 
changes may be made by those skilled in the art, such changes are encompassed within the spirit 
and scope of this invention as defined by the appended claims. 
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